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(54) RARE EARTH METAL-NICKEL-BASE HYDROGEN STORAGE ALLOY, PROCESS FOR 
PRODUCING THE SAME, AND ANODE FOR NICKEL-HYDROGEN RECHARGEABLE 
BATTERY 



(57) A rare earth metal-nickel hydrogen storage 
alloy of a composition represented by the formula: 

RNiaMnjjCOcAldXe 

(R stands for one or nriore rare earth elements including 
Sc and Y. not less than 95 atom % of which is one or 
more elements selected from the group consisting of 
La. Ce. Pr, and Nd; X steuids for one or more elements 
selected from the group consisting of Fe, Cu, Zn, V, and 
Nb; a. b. c, d. and e satisfy the relations of 3.9 ^ a < 6.0. 
0.45 ^ b < 1.5, 0.01 ^ c < 0.3. 0.4 S d S 1, 0 S e S 0.2, 
and 5.2 s a4b4C4Cl+e £ 7.5), the alby having a matrix 
of CaCu5 structure, and a Mn-rich secondary phase of 
0.3 to 5 ^m finely dispersed in the matrix at surface ratio 
of 0.3 to 7 %; a method for producing the same; and an 
anode for a nickel-hydrogen rechargeable battery con- 
taining as anode material the hydrogen storage alloy 
and an electrically conductive material. 
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Description 

[0001] The present invention relates to a rare earth metal-nickel hydrogen storage alloy, a method for producing the 
same, and an anode for a nickel-hydrogen rechargeable battery. In particular, the present invention relates to an anode 
5 for a nickel-hydrogen rechargeable battery having high electrode capacity, long service life, and excellent high rate 
charge-discharge performance at an ordinary temperature as well as excellent high rate discharge performance at 
lower temperatures (collectively referred to as "high rate charge-discharge perfonmance" hereinbelow). a rare earth 
metal-nickel hydrogen storage alloy that can be used as a starting material for such anode, and a method for producing 
the same. 

10 [0002] Hydrogen storage alloys predominantly used these days in preparation of anodes for nickel-hydrogen 
rechargeable t}atteries are AB5 type alloys (CaCus type structure) that have light rare earth elements such as La. Ce. 
Pr. rsld, or a mixture of these elements (misch metal) in A-site. and Ni, Co. IMn. and/or Al in B-site. This kind of alloys 
has a larger hydrogen storage capacity than other alloys, and hydrogen absorption-desorption pressure (equilibrium 
pressure) of 1 to 5 atmospheres at an ordinary temperature, which make the alloys usable. These alloys are generally 

15 composed of 0.4 to 0.8 of Co. 0.3 to 0.5 of Mn. 0.2 to 0.4 of Al. and less than 3.9 of Ni per one rare earth metals in 
atomic ratio, for the sake of acSustability of equilibrium pressure and corrosion resistance against the electrolyte in the 
battery. 

[0003] The nickel-hydrogen rechargeable batteries have recently made rapid prevalence in the field of laptop comput- 
ers, cellular phones, and portable audio equipment. Electric vehicles equipped with such batteries will be put to practi- 
20 cal use before long. As a result of diversification of battery usage, there have developed demands not only for high 
electrode capacity and long service life (cycle life) of the batteries, but also for high rate charge-discharge performance, 
i.e. heavy current charge-discharge perfornfiance or high rate discharge performance at lower temperatures, as impor- 
tant characteristics, to keep up with higher output of equipment or use in cold district. 

[0004] For the purpose of improving the electrode capacity. JP-A-6-1 45851 . for example, proposes to reduce the Ni 
25 content with respect to rare earth metal content, that is. an alloy of rare earth-rich composition. In this measure, how- 
ever, the higher content of rare earth metals causes the corrosion resistance against electrolyte to decrease, residting 
in disadvantage for battery life. 

[0005] JP-A-7-97648. for example, proposes another measure for improving the electrode capacity, wherein a portion 
of the alloy is sut>stituted by Mn, and tiie alloy melt is rapidly cooled and solidified to form a columnar crystal structure 

30 of a particular size. This method gives the alloy a fine crystal structure by the rapid cooling and reduced segregation of 
Mn, thereby improving the electrode capacity and cycle life to a certain degree. However, excess amount of Mn causes 
conrosion at the segregation to lower the cycle life, and no remarkat)le improvement is achieved in the high rate charge- 
discharge performance compared to that of the conventional alloy. 
. [0006] In an attempt to improve tiie high rate charge-discharge performance, there is proposed to plate tiie surface 

35 of a hydrogen storage alloy with nickel for utilizing the catalytic effect of nickel. However, repeated charging and dis- 
charging of the battery deaepitates tiie alloy to form fresh surfaces, thereby diminishing the effect of nickel plating. 
[0007] It is conventionally k^elieved to be essential for improving the conrosion resistance against the electrolyte and 
for improving the t)attery life, to add Co In an amount of not less than 4 % by weight, usually about 1 0 % by weight. How- 
ever, addition of Co adversely affects the activity of the hydrogen storage alloy (easiness to desorb hydrogen), and adds 

40 greatiy to the cost of the alloy Therefore, substitution for Co addition is demanded. 

[0008] It is an object of the present invention to provide a rare earth metal-nickel hydrogen storage alloy which has 
both high electrode capacity and excellent cycle Dfe. arxJ which also has excellent high rate charge^ischarge perform- 
ance compared to conventional alloys, and a method for producing such alloy, and an anode for a nickel-hydrogen 
rechargeable battery produced with such alloy 

45 [0009] It is another object of the present invention to provide a rare earth metal-nickel hydrogen storage alloy which 
combines high electrode capacity, long cycle life, and high rate charge-discharge performance at low cost by remarka- 
bly reduced content of expensive cobalt, a metiiod for producing such alloy, and an anode for a nickel-hydrogen 
rechargeable battery produced with such alloy 

[001 0] The present inventors have made intensive studies on the effect of each alloy element and of production con- 
so ditions such as cooling and heat treatment conditions, on the electrode capacity, cycle life, and high rate charge-dis- 
charge performance of R (rare earth metals)-Ni-Mn-Co-A]-containing hydrogen storage alloys. As a result, it has been 
revealed that an increased anfx>unt of Ni favorably affects the conrosion resistance and high rate charge-discharge per- 
fonmance under certain alloy production conditions. However, in order to compensate the lowered corrosion resistance 
due to Co reduction simply by increased amount of Ni, Ni content 1.5 times the Co content was required, which was 
55 found to result in decreased electrode capacity. In this case, the alloy was composed of two separate phases of an AB5 
type matrix (CaCus type structure) and a Ni-rich phase of culxc system. It is believed that low hydrogen storage capac- 
ity of this cubic system leads to decrease in the hydrogen storage capacity and electi'ode capacity of the overall alloy 
(001 1] Thus, the inventors have searched for measures for suppressing formation of the distinct Ni-rich phase to dis- 
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solve as much Ni as possible into AB5 type matrix. As a result, they have revealed that addition of more than the con- 
ventional standard amount of Mn together with Ni. and control of ailoy melt cooling conditions during alloy production 
could make more Ni and Mn dissolved in the solid solution, leading to improvement in the high rate charge-discharge 
performance. The inventors have also found that addition of a small amount of one or more elements selected from the 

5 group consisting of Fe. Cu. Zn. V. and Nb to the above-mentioned connposition contributes to further increase in the 
amount of Ni and Mn dissolved in the solid solution. Specifically, the inventors prepared a R-Ni-Mn-Co-AI-containing 
alloy melt with the Mn content of not less than 0.45 and less than 1.5 per one R in atomic ratio, and solidified the alloy 
melt using a roll casting device having a roll with a surface roughness of 7 to 100 fxm in ten-point mean roughness (Rz) 
into a 0.02 to 0.5 mm thick solidified alloy. As a result, the total content of Ni, Mn, and Co in B-stte could be increased 

10 to the range of 5.2 to 7.5 per one R in atomic ratio beyond the conventional recognition, and thus the Ni content could 
also be increased to the range of 3.9 to 6. exceeding the conventional range. Therefore, the high rate charge*discharge 
performance was improved. Incidentally, the atomic ratio of the elements in B-site of the conventionally used AB5 typ 
alloy is less than 5.2. 

[001 2] However, aiming at reduction of the alloy cost by reducing Co content, which is one of the objects of the present 
15 invention, when the Co content in the above composition with higher Mn content was reduced to less than 0.3 in atomic 
ratio, a battery with an anode made of such alloy exhibited somewhat shorter cycle life compared to a conventional bat- 
tery. The reasons for the shorter cycle life are believed to be the tendency of the more than the conventional amount of 
Mn in the solid solution matrix to dissolve in the alkali electrolyte In the battery, and relatively low solubility of Mn in the 
electrolyte, which cause precipitation of manganese hydroxide around the Mn-dissolving regions to narrow the active 
■^^ 20 regions on the alloy surface. 

[001 3] Therefore, the present inventors have made further improvement in the morphology control of Mn. Their 
researches have revealed that the above problems in cyde life could be solved by generating a novel alloy crystal struc- 
ture in an AB5 type master alloy (CaCus type structure) that has been obtained by solidifying the above-mentioned alloy 
meK with high Mn-. Ni- and low Ck>-contents in the at)ove-mentioned device for rapid solidification of alloy melt under 
25 the rapidly cooling conditions. This crystal structure is composed of 0.3 to 7 % in surface ratio of 0.3 to 5 M.m secondary 
phase richer in Mn than the matrix and finely dispersed in the matrix of the master alloy The "Mn-rich secondary phase" 
in the present invention is defined as a phase exhOsiting the X-ray intensity of Mn not lower than 1 .5 times the average 
X-ray intensity of Mn in the matrix as determined by EPMA analysis. The inventors have found that the particular 
anrangement of such secondary phase can be achieved by heating the master alloy at 700 to 950 ^^C for 0. 1 to 12 hours 
30 under vacuum or inert atmosphere, thereby completing the present invention. 

[0014] According to the present invention, there is provided a rare earth metal-nickel hydrogen storage alloy of a com- 
position represented by the formula: 

RNiaMnbCOcAI^Xe 

35 

wherein R stands for one or more rare earth elements including Sc and Y, not less than 95 atom % of which is one or 
more elements selected from the group consisting of La. Ce, Pr. and Nd: X stands for one or more elements selected 
from the group consisting of Fe, Cu. Zn. V, and Nb; a. b. c. d. and e satisfy the relations of 3.9 ^ a < 6.0. 0.45 ^ b < 1 .5, 
0.01 s c < 0.3, 0.4sdsi.0^e^ 0.2, and 5.2 s a+b+c+d+e s 7.5 (refen-ed to as composition A hereinbelow). 
40 said alloy having a matrix of CaCus structure, and a Mn-rich secondary phase of 0.3 to 5 ^m size finely dispersed 

in said matrix at surface ratio of 0.3 to 7 %. 

[DDI 5] Accoiding to the present invention, there Is also provided a method for producing the above rare earth metal- 
nickel hydrogen storage altoy comprising the steps of: 

45 (a) supplying onto a roll with a surface roughness of 7 to 1 00 urn in ten-point mean roughness (Rz) an alloy melt of 
a composition represented by the above formula to solidify said alloy melt into an alloy of 0.02 to 0.5 mm in thick- 
ness, and 

(b) heating said alloy at 700 to 950 ^'C for 0.1 to 12 hours under vacuum or inert atmosphere. 

so [0016] According to the present invention, there is further provided an anode for a nickel-hydrogen rechargeable (mat- 
tery comprising as anode materials the rare earth metal-nickel hydrogen storage alloy and an electrically conductive 
material. 

Rg. 1 is a photograph showing a compositional image of the hydrogen storage alloy prepared in Example 1 taken 
55 . at X 5000 magnification by X-ray microanalyzer (trade name "JOEL-8600") manufactured by JOEL LTD. 

Rg. 2 is a photograph showing a compositional image of the alloy flake prepared in Example 1 taken at x 5000 

magnification by X-ray microanalyzer (trade name ''JOEL-8600*) manufactured by JOEL LTD. 

Rg. 3 is a photograph showing a conpositional image of the hydrogen storage alloy prepared in Exanrple 8 taken 
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at X 5000 magnification by X-ray microanalyzer (trade name "JOEL-8600") manufactured by JOEL LTD. 

[001 7] The hydrogen storage alloy of the present invention has composition A represented by the formula mentioned 
above. In the formula, R is selected from rare earth elements indudng Sc and Y Not less than 95 atom % of R is com- 
5 posed of one or more elements selected from the group consisting of La. Ce. Pr. and Nd. R may preferably be selected 
to contain 20 to 60 atom % La. 0 to 60 atom % Ce, 0 to 50 atom % Pr. and 0 to 50 atom % Nd. Misch metal may be 
used as a starting material for industrial production. 

[0018] in the formula, "a* associated with Ni expresses the atomic ratio of Ni per one R (tiie same is applied to the 
cases below), and is in the range of 3.9 ^ a ^ 6, preferably 4.5 ^ a ^ 5.5. If "a" is less tiian 3.9. excellent high rate 
10 charge-discharge performance and corrosion resistance cannot be achieved, and thus long cyde life cannot be 
obtain^. If "a** is 6 or more, the electrode capacity is lowered. 

[001 9] "b" associated with Mn is in the range of 0.45 s b < 1 .5. preferably 0.7 s b ^ 1 .3. if "b" is less than 0.45, suffi- 
cient effect of extending the Ni dissolution range in the matrix is not achieved, if 13" Is 1 .5 or more, the corrosion resist- 
ance is lowered. 

15 [0020] "c" associated with Co Is in the range of 0,01 ^ c < 0.3, preferably 0.02 ^ c ^ 0.2. If "c" is less than 0.01 , suf- 
ficient corrosion resistance cannot be achieved. If "c" is 0.3 or more, the activity of the alloy decreases and the cost of 
the alloy increases. 

[0021] "d" associated with Al is in the range of 0.4 ^ d ^ 1 . preferably 0.5 ^ d ^ 0.7. If "d" is less tiian 0.4, tiie hydrogen 
equilibrium pressure of the alloy increases, and the corrosion resistance of the alloy decreases. If "d** is more than 1. 

30 the electrode capacity decreases. 

[0022] Fe has, in the range of 5 < a-i4>H>fd+e, effects of extending the composition range that gives the CaCu5 type 
structure and of improving the corrosion resistance of the alloy. However, excess Fe content decreases the hydrogen 
storage capacity. Thus, when X is Fe. "e" is in the range of 0 ^ e ^ 0.2. preferalDly 0.05 ^ e ^ 0.15. 
[0023] Cu has, in the range of 5 < a+b+C4d+e. an effect of extending the composition range that gives the CaCus type 

25 structure. However, excess Cu content decreases the hydrogen storage capacity. Thus, when X is Cu, "e" is in the range 
of 0 ^ e ^ 0.2. preferably 0.05 ^ e ^ 0.12. 

[0024] V has. in the range of 5 < a+t>+c-Kj<fe, effects of extending the composition range tiiat gives the CaCu5 type 
structure and of increasing the hydrogen storage capacity of the alloy. However, excess V content adversely affect the 
corrosion resistance. Thus, when X V. "e** is in the range of 0 ^ e ^ 0.2. preferably 0.02 ^ e ^ 0.15. 

30 [0025] Nb. like Cu. has an effect of extending tiie composition range that gives the CaCus type structure, in the range 
of 5 < a-ftHc-KJ+e. However, excess Nb content causes Nb-rich precipitates to generate, resulting in sharp drop in the 
hydrogen storage capacity. Thus, when X is Nb, "e" Is in tiie range of 0 ^ e ^ 0.2. preferably 0.03 s e ^ 0.12. 
[0026] 2n has an effect of increasing hydrogen storage capacity of the alloy, but a large amount of Zn is hard to be 
added since the boiling point of Zn is lower than that of the alloy Thus, when X is Zn. "e" is in the range of 0 ^ e ^ o.2, 

35 preferably 0.03 ^ e s o. 1 2. 

[0027] The above-mentioned a. b; c, d. and e should satisfy the conditions of 5.2 ^ a+kHc+d+e ^ 7.5 . preferably 
6 < a+b+c+d+e m i , When a-fb40Ki+e is lessthan 5.2, high rate charge-discharge performance arKl coaosion resist- 
ance cannot be obtained, and when more tiian 7.5, the electrode capacity is lowered. 

[0028] The hydrogen storage alloy of the present invention should have composition A and tiie structure wherein Mn- 

40 rich secondary phase of 0.3 to 5 jim, preferably of 0.5 to 2 fim. is finely dispersed in a matrix of CaCus structure in the 
surface ratio of 0.3 to 7 %, preferably 1 to 7 %. With the secondary phase of less than 0.3 jim, tiie con^osion protection 
cannot be obtained. With the secondary phase of more than 5 ^m, the corrosion resistance is extremely lowered. When 
the surface ratio of the secondary phase is less than 0,3 %, the corrosion protection cannot be obtained, and when 
more tiian 7 %, the con^osion resistance is extremely lowered. Incidentally, the surface ratio used in the present sped- 

45 f ication may be determined by analyzing the EPMA compositional image of a cross-section of an alloy sample. 

[0029] The hydrogen storage alloy of the present invention has excellent high rate charge-discharge performance 
while it maintains high electrode capacity. The reason for this may be that the matrix of AB5 type is maintained while ttie 
Ni content at B>site is nonstoichiometrically large, which gives catalytic activity advantageous for absorption and des- 
orption of hydrogen. The cycle life is also improved in the alloy of tiie present invention. This inrprovement may be attrib- 

50 uted to the reduction of Mn in the solid solution matrix by predprtating and finely dispersing the Mn-rich secondary 
phase through the particular heat treatment and the like to be discussed later. This resta^icts occurrence of alkaline elec- 
trolyte-induced corrosion to the secondary phase regions, which function as a kind of sacrificial region. 
[0030] For preparation of the hydrogen storage alloy of the present invention, an alloy melt of composition A is first 
supplied onto a roll with tiie particular surface roughness of a roll casting device to solidify the alloy melt into an alloy of 

55 0.02 to 0.5 mm in tiiickness in step (a) . thereby obtaining a master alloy in the form of strips and tiie like. The alloy melt 
may be prepared by melting a starting material metal mixture blended to have conposition A in a crucible or the like 
under vacuum or inert atmosphere tsy vacuum melting or high frequency melting method. 

[0031 ] The roll casting device has single or doidile internally water-cooled rolls, and cools and solidifies the alloy melt 
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on the roll surface or between the roll suiiaces. It is conventionally known to use this kind of device for production of 
hydrogen storage alloys. However, in the present invention, the surface roughness of the roll is set to 7 to 100 ^ m. pref- 
erably 10 to 40 (xm in ten-point mean roughness (Rz). If Rz is more than 100 ^m. the solidified alloy does not peel off 
the roll easily, which adversely affects snrK)oth operation. Generally used roll casting devices have rolls having the sur- 

5 face roughness of only about 5 or less in Rz. or even almost mirror finished surface. 

[0032] Incidentally, the ten-point mean roughness (Rz) is defined in JIS B0601-1994 (corresponding to ISO 468). and 
r^resents the sum of the average absolute value of the altitudes of from the highest to the fifth highest peaks and that 
of from the deepest to the fifth deepest valleys, both measured vertically from the average line of the roll surface profile. 
This roughness (Rz) may be measured using a commercially available stylus type digital surface roughness measuring 

10 device in accordance with the JIS. Such surface roughness may be given to a roll by grinding a roll surface with a 
grinder for abrasion finishing of a roll that has selected kind and particle size (count) of abrasive grains, or by working 
a roll surface into irregular profile by shot blasting, sand blasting, or the like. 

[0033] The mechanism of the contribution of the roll surface roughness control to the properties of the hydrogen stor- 
age alloy of the present invention has not been developed sufficiently. However, one factor of the mechanism may be 

IS that appropriate irregularity of the roll surface gives anchor effect to fadlitate holding of the supplied alloy on and in con- 
tact with the roll surface, ensuring cooling effect sufficient for solidifying and collecting the alloy with nonstoichiometric 
composition of the present invention in the form of a solid solution. As another factor, fine precipitates functioning as 
nuclei for generation of the Mn-rich secondary phase of particular size and distribution during the heat treatment to be 
discussed later are formed during the roll casting process, and the roll surface roughness may have influence on the 

20 amount of the nucl^ to be formed. With the conventional, almost mirror^finished roll surface, too fine and too many 
nuclei are formed, so that effective adjustment of the secondary phase defined in the present invention cannot be 
achieved in the subsequent heating. 

[0034] The cooling rate of the alloy melt on the particular roll casting device is not particufariy limited as long as the 
alloy melt can be solidified on the roll sur^ce having the particular surface roughness into an alloy with the particular 
25 thickness. Usually, the cooling rate may be not lower than 500 **C/sec., preferably 1000 to 10000 *C/sec- 

[0035] The hydrogen storage alloy of the present invention may be produced not only by the above method using the 
roll casting device, but also by cooling and solidifying the alloy melt into an alloy of the particular thickness on a rotary 
disk casting device having a surface roughness adjusted to that mentioned above. 

[0036] Next, the master alloy obtained in the form of strips of 0.02 to 0.5 mm in thickness is heated under vacuum or 
30 inert atmosphere under particular temperature conditions in step (b). The temperature conditions irrclude heating at 700 
to 950 ""C. preferably 800 to 900 ""C, for 0.1 to 12 hours, preferably 3 to 10 hours. As a result of the heating, the Mn-rich 
secondary phase particufariy defined in the present invention precipitates from the matrix, and thus the hydrogen stor- 
age alloy of the particular composition and structure having improved con-osion resistance and cycle life can b 
obtained. The alloy to be subjected to this heating may be in the form of the strips as cast, coarsely crushed pieces. 
35 pulverized powders, or the like. After the heating, the alloy may be subjected to ofdinary crushing and finely pulverizing 
steps to prepare hydrogen storage alloy powders. 

[0037] The anode for a nickel-hydrogen rechargeable t>attery of the present invention contains the hydrogen storage 
alloy mentioned above and an electrically conductive material as anode materials. 

[0038] The hydrogen storage alloy is preferably pulverized before use into powders of preferat}ly 20 to 100 ^m, more 
40 preferably 40 to 50 fxm in uniform size. The pulverization may be carried out by coarsely crushing the alloy in a stamp 
mill, tbllowed by mechanical pulverization in a non-oxidizing solvent such as hexane In a planetary ball mill. The content 
of the hydrogen storage alloy is preferably 70 to 95 % by weight, more preferably 80 to 90 %'by weight of the entire 
anode materials. If the content is less than 70 % by weigfit. the hydrogen storage capacity of the resulting anode is low- 
ered, and the electrode capacity can hardly be increased, thus being not preferred. If the content exceeds 95 % by 
45 weight, the electrical conductivity as well as durability is lowered, thus being not preferred. 

[0039] The electrically conductive material may be powders of copper, nickel, cobalt, carbon, or a mixture thereof, 
having the particle size of about 1 to 10 |im. The content of tiie electrically conductive material is preferably 5 to 20 % 
by weight, more preferably 10 to 20 % by weight of the entire anode materials. 

[0040] The anode for a nickel-hydrogen rechargeable t>attery of the present invention may optionally corrtain a binder 
so in addition to the above essential components. Preferred examples of the binder may include ethylene tetraf luoride-pro- 
pylene hexafluoride copolymer (PEP), polytetrafluoroethylene. and carboxymetiiyl cellulose. Preferred content of the 
binder is not more than 10 % by weight of the entire anode materials. 

[0041 ] The ano6e for a nickel-hydrogen rechargeable tsattery of the present invention nray be prepared by binding the 
anode materials on a collector body such as nickel mesh, nickel or copper expanded metal, nickel or copper punched 
55 metal, foamed nickel, or woolen nickel, by rolling press method or molding press method. The obtained anode may be 
in the form of a sheet or a pellet The resulting anode may be used in the same way as the ordinary anode for a nickel- 
hydrogen rechargeable battery to compose a rechargeable battery. 

[0042] The anode for a nickel-hydrogen rechargeak}le battery of the present invention contains as a starting material 
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the rare earth metal-nid^el hydrogen storage alloy of the present invention having the particular composition and struc- 
ture. Thus, the anode of the present invention not only has both high electrode capacity and excellent cycle life, but also 
is superior in high rate charge-discharge pertormance compared to the conventional alloys. Further, the rare earth 
metal-nickel hydrogen storage alloy of the present invention as the starting material has the composition with a remark- 
5 ably reduced content of expensive cobalt, so that the anode of the present invention exhibits the excellent properties as 
mentioned above at lower cost. In addition, the method of the present invention facilitates production of such rare earth 
metal-nickel hydrogen storage alloy. 

EXAMPLES 

10 

[0043] The present invention will now be explained with reference to Examples and Comparative Exanr^les. but is not 
limited thereto. 

gxariTpIg 1 

15 

[0044] Metals of Mm (misch metal). Ni. Mn. Co. and Al were measured out so that the composition of the starting 
material was as shown in atomic ratio in Table 1 . and melted in a high frecpjency induction furnace under argon atmos- 
phere to thereby prepare an alloy melt. The misch metal (Mm) (manufactured by Santoku Metal Industry Co., Ltd.) used 
in this Example was conposed of 25 atom % La, 50 atom % Ce, 5 atom % Pr, and 20 atom % Nd. Subsequently, the 
20 alloy mett was heW at 1450 **C. and then rapidly cooled on a water-cooled copper roll having a surface roughness of 10 
fxm in ten-point mean roughness (Rz) of a single-roll casting device at a cooling rate of 1000 to 3000 ""C/sec to prepare 
0.1 to 0.3 mm thick alloy flakes. The alloy flakes thus obtained were heated at 900 **C for 5 hours under argon atmos- 
phere to precipitate the Mn-rich phase, and thus a hydrogen storage alloy was obtained. 

[0045] The crystal structure of the obtained hydrogen storage alloy was determined by an X-ray diffractometer man- 
25 ufactured by RIGAKU CORPORATION. It was confirmed that the matrix has CaCug type single phase structure. Fur- 
ther, the alloy was observed under X-ray microanalyzer (trade name "JEOL-8600) manufactured by JEOL LTD. at x 
5000 magnification. The obtained compositional image was analyzed by image analyzer (manufactured by ASAHt 
CHEMICAL INDUSTRY CO.. LTD.. trade name "IP1000") to determine tiie size and surface ratio of the precipitated Mn- 
rich phase. The photograph showing the compositional image is shown in Fig. 1, wherein the Mn-rich phase is shown 
30 as black spots. The results of the analysis are shown in Table 2. For the sake of comparison, the compositional image 
before heating of the alloy flakes was observed in the same way. The photograph showing the compositional image is 
shown in Fig. 2. Connparison of Rgs. 1 and 2 reveals that precipitation of the particular Mn-rich secondary phase is gen- 
erated by heating. 

[0046] Next, the heat-treated hydrogen storage alloy was subjected to measurements of hydrogen storage capacity 

35 and hydrogen storage pressure in accordance with JIS H7201 (1991) "Method for Measuring Pressure-Composition 
Diagram (PCT curve) of Hydrogen Storage Alloy" using an automated Sieverts-type PCT measuring apparatus (man- 
ufactured by LESCA CO.. LTD.). The results of the measurements at 40 ""C under 5 atinospheres are shown in Table 2. 
[0047] The heat-treated hydrogen storage alloy was coarsely crushed in a stamp mill, and further pulverized in a plan- 
etary ball mill in a hexane solvent into powders with an average particle size of 80 pm, 10 g of the obtained powders, 1 

40 g of copper powders as the electrically conductive material, and 0.3 g of FEP (ethylene tetraf luoride-propylene hexaf lu- 
oride copolymer) powders as a binder were mixed together to prepare a 20 mm diameter pellet electrode. With the elec- 
trode, immersed in a 6N KOH solution, and a mercury oxide reference electrode, a battery was assembled, which was 
measured for electrode characteristics by potentiogalvanostat (manufactured by HOKUTO DENKO CORPORATION). 
The results are shown in Tal>le 2. The electrode capacity was measured by discharging the electrode at 0.2 C. 1 C. and 

45 3 C. respectiv^y. at 25 **C for evaluating the high rate discharge performance at an ordinary temperature, and also at 1 
C at -10 <*C for evaluating the high rate discharge performance at a low tenrperature. The results are shown in Table 2. 
Discharging at 1 C means discharging at a current value for discharging the nominal capacity of the alloy in 1 hour. The 
electi-ode capacity is usually measured by discharging at 0.2 C. Discharging at 1 C and 3C are conducted at cun-ent 
values 5 times and 15 times the value at 0.2 C, respectively. In the present invention, discharging at 1 C and 3C are 

so called high rate discharge. The nomlnci] capacity of the alloy was supposed to be 300 mAh/g. 

[0048] For evaluating the electrode cycle life, the constant level of the battery capacity reached was used as the stand- 
ard, and the capacity after 500 cycles of charge and discharge at 1 C at 25 **C was compared with the standard to give 
the capacity maintenance ratio. The results are shown in Table 2. 

55 Examples 2 to 11 

[0049] Hydrogen storage alloys were prepared in the same way as in Example 1 except that the alloy compositions. 
roO surface roughnesses, and heat treatment conditions were set as shown in Table 1 . The resulting hydrogen storage 
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alloys and the batteries produced with these alloys were subjected to the measurements as in Example 1. The results 
are shown in Table 2. The compositional image similar to Fig. 1 of the heat-treated alloy containing Fe as element X 
prepared in Example 8 is shown in Fig. 3. Precipitation o1 Mn-rich secondary phase similar to that in Fig. 1 was 
observed in the compositional image of the alloy shown in Rg. 3. 

5 

Comparative Examples 1 to 6 

[0050] Hydrogen storage alloys were prepared in the same way as in Exarnple 1 except that the alloy compositions, 
roll surface roughnesses, and heat treatment conditions were set as shown in Table 1. The resulting hydrogen storage 
TO alloys and the batteries produced with these alloys were subjected to the measurements as in Exanple 1 . The results 
are shown in Table 2. 

[0051 ] The alloy prepared in Comparative Example 1 had the composition currently in common use. This alloy exhib- 
ited high hydrogen storage capacity and electrode capacity at 25 ^'C at 0.2 C. but inferior high rate discharge perform- 
ance compared to the alloy of the present invention. The alloy prepared in Comparative Example 2 ted a composition 

75 wherein Mn content was maintained at a conventional level, and Co was substituted by Ni. This alloy exhibited inferior 
electrode capacity and capacity maintenance ratio. The alloy prepared in Comparative Example 3 had a composition 
wherein Co content is beyond the range of the present invention. In this alloy. Ni-rich phase was observed, and Mn-rich 
phase grew too large. This alloy exhibited inferior hydrogen storage capacity and electrode capacity. In Comparative 
Example 4. a hydrogen storage alloy was prepared under the same conditions as in Example 3 except that tiie roll sur- 

20 face roughness (Rz) was 4 (xm to simulate the conventional roll. The resulting alloy contained too fine Mn-rich phase, 
which falls outside the preferred range of the present invention, and exhibited inferior capacity maintenance ratio com- 
pared to tiie alloy of Example 3. In Comparative Exanrples 5 and 6, hydrogen storage alloys were prepared in the sam 
way as in Example 3 except that the heating temperatures were below (Comparative Example 5) or above (Comparative 
Example 6) the temperature range of the present invention. The resulting alloys contained too fine or too coarse Mn- 

25 rich phase, respectively, compared to the alloy of Example 3, and exhibited inferior capacity nnaintenance ratio. 



30 



35 



40 



45 



so 



55 



BNSOOCID: <EP 095S386A1J_> 



7 



EP0955 386 A1 



10 



IS 



20 



25 



30 



35 



40 



45 



SO 



0) 

I 



in 
c 
o 

•H -H 
0) O 




O 

M 
U 



O 



3 



o 
o 



u 

CO 



in 



CO 



vo 



vo 



vo 



in 



vo 



vo 



vo 



o 
o 



o 
oo 



o 

CD 



o 
vo 
oo 



o 
o 



o 
vo 

CO 



o 
vo 
oo 



o 
o 



C4 



IT) 



VO 



00 
CO 



ro 



in 
vo 



in 
vo 



eg 

CO 



oo 



vo 

CO 



ro 



vo 



\0 



vo 



in 
o 



m 
o 



in 
in 



in 
in 



in 
in 



o 
> 



in 
in 



ro 



in 
in 



in 
in 



in 
in 



CM 
O 



o 



ro 



oo 



in 
o 



in 
o 



in 

CM 



in 
o 



CD 



o 



in 

CD 



in 

CM 



in 



in 



vo 



in 



in 
oo 



m 
oo 



in 



ro 
o 



ro 
o 



CM 



ro 



in 



vo 



<7> 



CM 



in 



vo 



55 



8 

BNSDOCID: <EP 095538eA1_l_> 



EP0955 386A1 




BNSOOCID: <EP (»S5388Al.l_> 



9 



EP0955 386A1 



Claims 

1 . A rare earth metal-nickel hydrogen storage alloy of a composition represented by the formula: 
5 RNIaMribCOcAldXe 

wherein R stands for one or more rare earth elements including So and Y, not less than 95 atom % of which is one 
or more elements selected from the group consisting of La. Ce, Pr. and Nd; X stands for one or more elements 
selected from the group consisting of Fe. Cu. Zn. V. and Nb; a, b. c, d, and e satisfy the relations of 3.9 ^ a < 6.0. 
10 0.45 ^ b < 1.5. 0.01 ^ c < 0.3. 0.4 ^ d ^ 1. 0 s e ^ 0.2, and 5.2 ^ a+tj+c+d+e « 7.5 , said alloy having a matrix of 
CaCus structure, and a Mn-rich secordary phase of 0.3 to 5 jyim finely dispersed in said matrix at surface ratio of 
0.3 to 7%. 

2. The hydrogen storage alloy of daim 1 wherein a is 4.5 ^ a ^ 5.5. b is 0.7 ^ b ^ 1.3. c is 0.02 ^ c ^ 0.2. d Is 0.5 ^ 
IS d £ 0.7, and 6 < a-fbHHCke ^ 7 . 

3. The hydrogen storage alloy of claim 1 wherein said Mn-rich secondary phase is 0.5 to 2 iim in size. 

4. The hydrogen storage alloy of claim 1 wherein the surface ratio of said Mn-rich secondary phase is 1 to 7 %. 

5. A method for producing the rare earth metal-nickel hydrogen storage alloy of daim 1 comprising the steps of: 



20 



25 



(a) supplying onto a roll with a surface roughness of 7 to 100 ^m in ten-point mean roughness (Rz) an aflpy 
melt of a conposition represented by the formula: 

RNiaMnbCOcAldX^ 

wherein R stands for one or more rare earth elements including Sc and Y. not less than 95 atom % of which is 
one or more elements selected from the group consisting of La, Ce. Pr. and Nd; X stands for one or more ele- 
30 ments selected from the group consisting of Fe. Cu. Zn. V. and Nb; a. b. c. d. and e satisfy the relations of 3.9 

^ a < 6.0, 0.45 s b < 1 .5. 0.01 s c < 0.3. 0.4 s d s 1 . 0 ^ e s 0.2, and 5.2 m a+b+c+d+e ^ 7.5 , to solidify said 
alloy melt into an alloy of 0.02 to 0.5 mm in thickness, and 

(b) heating said alloy at 700 to 950 °G for 0.1 to 12 hours under vacuum or inert atmosphere. 

35 6. The method of claim 5 wherein said roll has a surface roughness of 10 to 40 fim in ten-point mean roughness (Rz). 

7. The method of claim 5 wherein said alloy melt is solidified on said roD surface in step (a) at a cooling rate of 1000 
to 10000 <»cy^c. 

40 8. The method of claim 5 wherein said heating in step (b) is carried out at 800 to 900 ^'C for 3 to 10 hours. 

9. An anode for a nickel-hydrogen rechargeable battery comprising as arKxJe materials the rare earth metal-nickel 
hydrogen storage alloy of daim 1 and an electrically conductive material. 

45 10. The anode for a nickel-hydrogen rechargeable battery of claim 9 wherein content of said electrically conductive 
material is 5 to 20 % by weight of said anode materials, and content of said rare earth-metal nickel hydrogen stor- 
age alloy of claim 1 is 70 to 95 % by weight of said anode materials. 



11. The anode for a nickel-hydrogen rechargeable battery of claim 9 further comprising a binder. 



so 
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FIG. 3 
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